Introduction
La1-xCaxMnO3 (LCMO) represents the class of colossal magnetoresistive ( CMR) materials, which are a t the focus of fundamental and applied research. Undoped LaMnO3 is an antiferromagnetic insulator with perovskite structure. By substituting the trivalent La by a divalent material such as Ca or Sr, valence mixing of Mn3+ and Mn4+occurs, and electrons can hop between different Mn ions. This double exchange mechanism leads to a ferromagnetic ground state with metallic conduction. Additionally, an interaction with the lattice takes place via Jahn-Teller distortions around the Mn3+ ion. For x=0.3, the metal to insulator transition is accompanied by a maximum in the electrical resistance as a function of temperature and a pronounced CMR effect around the Curie temperature. In a fully homogenous sample, one would expect a sharp transition in the resistivity from the metallic ferromagnetic low temperature phase into the insulating paramagnetic high temperature phase at the Curie temperature Tc. The measurements, however, show a broad transition, and the CMR does not saturate at high magnetic field. An explanation for these effects has been proposed in terms of intrinsic inhomogeneities, which can lead to the formation of insulating and conducting nanodomains within a single sample1).
At present the main restrictions to extensive application of perovskite manganites are high magnetic field and low temperature required for switching their properties. Improving these characteristics was achieved by optimizing the composition (by doping) and developing techniques of epitaxial growth of the films. In this way the demand of a high magnetic field has been overcome recently and very large hysteretic magnetoresistance effects determined by intrinsic magnetization were found at room temperature for B=1-2 mT 2).
Additionally it was found that the properties of manganites are strongly affected by illumination. Photoinduced effects, such as photoconductivity and photoresistivity appear on different temporal scale, starting from picoseconds3) up to hours4) and may reveal themselves both in photoinduced magnetization and demagnetization. Mechanisms of these effects are still unclear, the role of defects (oxygen vacances) as well as grain boundaries is discussed. However it is obvious that possibility of tuning magnetic properties of materials by illumination may yield a new opportunity for applications, such as spintronics, magneto-optical recording or modulators.
Optical techniques are extremely powerful to investigate the main effects in magnetic perovskites. They allow to study the structure and magnetization change during phase transitions on the time scale down to subpicoseconds. Second harmonic generation (SHG) technique allows also to distinguish contributions to the observed effects of the bulk of the microctystals and their boundaries.
In this paper we report the results of nonlinear-optical studies of LCMO thin films under intensive laser illumination. A threshold for photoinduced effects is shown to differ one order of magnitude for two types of LCMO films: perfect epitaxial and granulated. The mechanisms of non-linear optical response as well as photoinduced effects relatively to the film's structure are discussed.
Experiment and results
Epitaxial La0.7Ca0..3MnO3 (LCMO) films of 120 and 60 nm were fabricated by a metalorganic aerosol deposition technique on (001) MgO substrates (F1 and F2, respectively). Different fabrication conditions results in two types of film growth: 3D nucleation (F1) and layer-by layer epitaxy (F2). AFM images reveal rectangular granulated structures for F 1 ( Fig. 1 (a) ) with almost perfect square grains oriented with their sides along crystallographic axes if the MgO substrate. F2 sample reveals structureless 2-nm smooth surfaces ( Fig. 1 (b) ). In the following we will also call the samples granulated (F1) and continuous (F2) films. Fig. 2 (b-e) shows azimuthal dependences of SHG intensity for different polarization combinations measured at room temperature. All dependences reveal 4-fold (for p-in, p-out; p-in, s-out; s-in, p-out polarization combinations) or 8-fold (for s-in, s-out polarization combination). These dependences can be fitted with a general truncated Fourier expansion (1) (a) ( Fig. 4 shows temperature dependences electrical, magnetic and optical properties of LCMO films. In dark resistivity p(T) exhibits classical CMR: the metal-insulator transition occurs at TmI=250 K (sample F l) and 270 K (F2), with a sharp maximum in the vicinity of TmI. The illumination of the samples leads to a drastic increase of p for ferromagnetic state with maximal photoconductivity (Fig.  4 (a) ); details of photoconductivity measurements are presented elsewhere5). CMR decreases under irradiation and its temperature distribution shifts to lower temperatures. Temperature dependence on SHG intensity depends on laser power (Fig.4 (c) and (d) ). For high power, both initial value of SHG intensity measured immediately after opening the shutter (It=0, averaged over 0.5 sec) and steady state value (It=20s)look quite similar for Fl and F2 samples. Fig. 4 (a) and (b)). is observed. For Fl, the steady state SHG intensity remains constant in a whole temperature range (Fig. 4 (c) , open circles). On the contrary, for F2 the steady state SHG intensity increases with the temperature decrease starting from TA,H=270 K (Fig. 4 (d) , open circles). For this laser power SHG transient remains constant after opening the shutter. This may mean either laser light of this power does not influence the optical properties of the film, or that decay time is shorter than 0.1 s.
4. Discussion 4.1. SHG model La1-xCaxMnO3 possesses the perovskite-type centrosymmetric cubic structure (point group m3m). Magnetic properties are determined by the double exchange (DE) interaction. The strength of DE and, hence, the value of magnetization depends on the value of x, which provides the optimal ratio of Mn3+/Mn4+. The lattice distortions due to the Jahn-Teller effect promotes the superexchange antiferromagnetic (AFM) interaction and leads to a charge ordered insulating (COI) state. Decreasing the temperature as well as switching on the magnetic field leads to suppressing the AFM insulating phase and favouring FM metallic phase. The spins of Mn ions in the unit cell are ordered ferromagnetically along one of cubic axes. Therefore, magnetization in adjacent (001) planes is oriented in the FM domains parallel and in the AFM domains antiparallel.
In centrosymmetric nonmagnetic media strong dipoletype SHG is forbidden in bulk, and only quadrupole-type bulk and dipole-type surface SHG are allowed, which i s generally several orders of magnitude weaker. However, the SHG signal we observed for low laser power is comparable with the SHG signal form noncentrosymmetric media (ferroelectric thin film, for example). It was shown recently, that in magnetic centrosymmetric materials an unusual increase of the SHG is observed due to magnetic contribution6), the effect which was not taken into account in previous works on manganites7). On the other hand it shown that for granulated centrocymmetric ferromagnetic nanoparticles, contribution from the grain boundaries may prevail the bulk magnetic contribution8).
The crucial points to distinguish between contributions from grain boundaries and the magnetization-induced bulk are (i) the shape of azimuthal dependence and (ii) contribution from ingomogeniety regions in the from of either hyper-Rayleigh scattering (if the size of grains is comparable with the wavelength)8) or appearance of forbidden isotropic contribution to s-polarized SHG signal9). The latter can be observed for m3m crystal as a change from a perfect 8-fold anisotropic dependences to a 4-fold one consisting in each of 4 periods of two maxima of not equal SHG intensity. On the contrary to8) 9) in our experiments we never observed neither of these two possible confirmations of significant contribution from ingomogeniety regions. The shape of the azimuthal dependence in our experiments is perfectly falls under the theoretically predicted one for (001) face of m3m crystal. For these reasons we consider the Oulk magnetizationinduced polarization to give the dominant contriOution to the oOserved SHG.
According to6), the total contriOutions to SHG can Oe written as (2) where E and H are the electric and magnetic fields at the fundamental frequency, and P, M, and Q are electricdipole (ED), magnetic-dipole (MD), and electricquadrupole (EQ) nonlinear polarization, respectively. For Resonant character of denominator in Eq.
2 provides a high SHG intensity in a FM phase.
Magnetization-induced polarization can Oe written as:
In contrast to 2-nd-order nonlinear susceptibility which reflects the magnetic symmetry of the crystal, 3-rd order nonlinear susceptiOility reflects the crystallographic symmetry.
Magnetization-induced polarization is superimposed on crystallographic quadrupole polarization, one of the terms can Oe written as: (5) SusceptiOilities (4) and (5) give identical azimuthal dependence d escribed Oy E q.1. However, t he a mplitudes descriOed Oy (4) increase with the temperature decrease in FM phase following magnetization increase. In experiment, corresponding increase was oOserved Ooth in steady state (sample F2, Fig. 4 (b) ) and in amplitude of transients (Fig. 4 (a) and (b) , samples Fl and F2).
Switching o n magnetic field results in an increase o f magnetization and hence magnetization-induced contriOution to SHG, descriOed Oy Eq. 4. Experimentally, a strong increase of SHG with magnetic field was oOserved in m-in, s-out polarization comOination. This means that for this polarization comOination magnetic contriOution prevails over crystallographic contriOution. For p-in, p-out dependence the opposite ratio occurs, since the increase of SHG intensity is quite low. M (T) , measured directly. This means that even for low laser power, illumination of the sample changes its properties, proOaOly on a time scale of pico-and nanoseconds as it was oOserved in3) Oy resistivity transient measurements. The most proOaOle mechanism of this influence is related to enhancement of electronic (optical) inhomogeneity of the film (phase separation). This is why the critical exponent, oOtained Oy optical measurements for continuous LCMO film coincides with the one, oOtained in10) for disordered LCMO film.
Photoinduced change of magnetization
In order to descriOe photoinduced effects in conductivity and SHG we use the model, which was suggested in Ref 11. It was shown that for low-doped LCMO (x=0.1) illumination of the sample results in the formation of metal droplets within the insulator phase .
The reaction takes place in the photon energy in the range of 0 .5-2.5 eV, where a broad band absorption is attributed to interionic e lectronic t ransitions between Jahn-Teller split eg states of neighboring Mn34-ions . As a result a pair of Mn3+ ions disappears and Mn4+ and Mn 2+ ions are formed. In case of medium-doped manganite (x=0 .3) possessing the phase separation, reaction may take place inside FM domain and also at the boundary between FM and AFM domain. These two types of reaction can be written as 
